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NOTICE: The project that is the subject of this report was
approved by the Governing Board of the National Research Council,
whose members are drawn from the Councils of the National Academy
of Sciences, the National Academy of Engineering, and the
Institute of Medicine. The members of the Committee responsible
for the report were chosen for their special competences and with
regard for appropriate balance.

This report has been reviewed by a group other than
the authors according to procedures approved by a Report Review
Committee consisting of members of the National Academy of
Sciences, the National Academy of Engineering, and the Institute
of Medicine.
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This report was prepared for the interagency Ship
Structure Committee, consisting of representatives from the
Military Sealift Command, the U.S. Coast Guard, the Naval Sea
Systems Command, the Maritime Administration, the American
Bureau of Shipping, and the U.S. Geological Survey, and is
submitted to the Commandant, U.S. Coast Guard, under provisions
of Contract DOT-(G-80356-A between the National Academy of
Sciences and the Commandant, U.S. Coast Guard, acting for the
Ship Structure Committee.

Reproduction in whole or in part is permitted for
any purpose of the United States Government.
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ABS CT

The ship Research Committee (SRC) oi the National Research
Council provides technical services covering program
recommendations, proposal evaluations and project advice to
the interagency Ship Structure Committee (SSC), composed of
representatives from the U.S. Coast Guard, the Naval Sea
Systems Command, the Military Sealift Command, the Maritime
Administration, the American Bureau of Shipping and the U.S.
Geological Survey. This arrangement requires continuing
interaction among the SRC, the SSC, the contracting agency
and the project investigators to assure an effective program
to improve ship hull structures through an extension of
knowledge of materials, fabrication methods, static and
dynamic loading and response, and methods of analysis and
design. This report contains the Ship Research Committee's
recommended research program for five years, FY 1979-1983,
with 11 specific prospectuses for FY 1980. Also included is
a brief review of 24 active and 12 recently completed
projects.
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INTRODUCTION

Organizational and Administrative Matters
Establishment of Committees

Since 1946, the National Research Council's Ship
Research Committee (SRC) and its predecessors have heen
rendering technical services to the interagency Ship
Structure Committee (SSC) in developing a continuing
research program, sponsored by the SSC and funded
collectively by its member agencies, to determine how ship
structures can be improved for greater safety and better
performance without adverse economic effect.

The SSC was established in 1946 upon recommendation
of a Board of Investigation, convened by order of the
Secretary of the Navy, to inquire into the design and
methods of construction of welded steel merchant vessels.

As that investigation was brought to a close, several
unfinished studies and a list of worthy items for future
investigation remained. The Board recommended that a
continuing organization be established to formuiate and
coordinate research in matters pertaining to ship structure.

The chart, Figure 1, which follows, shows the relationship
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of the various organizational entities involved in the work
of the SsC.
Committee Composition_apd Responsibilities

The SSC is composed of senior officials, one each,
from the U.S. Coast Guard, the Naval Sea Systems Command,
the Military Sealift Command, the Maritime Administration,
the American Bureau of Shipping and the U.S. Geological
Suxrvey.

The SSC formulates policy and approves program
plans, and provides financial support through its member
agencies for the research program.

Four representatives from different divisions
within each agency meet periodically, as a Ship Structure

Subcommittee (SSSC) to assure achievement of program goals

and to evaluate the results of research projects in terms of

ship structural design, construction and operation.

Members of the SRC and its advisory groups are
selected for their competence, experience and expertise in
relevant areas from academic, governmental and irdustrial
sources. The members serve as individuals contributing
personal knowledge and judgement and not as representatives
of organmizations in which they are employed or with which
they may be associated. The SRC's responsibilities to the
SSC are to assist in setting technical objectives; define
research projects; recommend research priorities; evaluate

proposals; review the active picjects, including progress
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and final reports, and prepare summaries of related research
work.

In order to respond to the needs of the USGS, which
became a participating agency of the SSC this past year,
additional members, active in or knowledgeable about the

design of offshore structures, were appointed to the SRC and

each of its Advisory Groups.

It has become standard procedure to have an annual
joint meeting of members of the SRC, the SSSC and the Hull
Structure Committee of the Society of Naval Architects and
Marine Engineers (SNAME) to review current research needs
and suggestions for future research projects. Each agency
of the SSC prepares a memorandum describing its discernment
of needed research. These memoranda are provided to all
participants in advance of the meeting.

At the 1978 meeting, a new format was instituted
aimed at enabling an exchange of ideas regarding research
needs amony the agencies represented. These discussions did
produce, in varying degrees, expressions of commonality of
each agency's interests in the research needs. Seven panels
were set up, one for each goal in the five-year plan, with
an individual representative from each agency assigned to
each panel. The panels met in a round-table discussion led
off by a member of the SRC. The panel sessions were heid
consecutively so that all other participants could observe

and join the discussion as apprcpriate. A few weeks later,
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a meeting of the SRC, 3SC, and SSSC was held at which the
SRC presented its preliminary reactions to the inputs from
the joint meeting and indicated project areas for which
prospectuses could probably be developed.
Project Development

The suggestions contained in these meroranda, those
brought out at the joint meetings, those generated within
~he SRC and its Advisory Groups and those obtained from
other sources are carefully studied for applicability to the
SSC research program in terms of need, immediacy, program
continuity and likelihood of successful and meaningful
completion. A prospectus is drafted by the appropriate SRC
Advisory Group for each of the research projects that is
considered worthy of SSC support. These are reviewed and
ranked by the SRC and included in an annual report to the
SSC. The SSC determines which projects will be supported.
The prospectus becomes a part of the Request for Proposal
(RFP) and subsequently a part of the contract document. The
RFP's are prepared and issued through the cooperative effort
of the Naval Ship Engineexring Center, which provides
technical contract administrative support services, and the
USCG, which handles the actual business of contracting. The
RFP's go to research laboratories, universities, shipyards,

and other organizations and are advertised in the Commerce

Bugsiness Daily.
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Proposal Evaluation Procedure

Any organization interested in doing work submits a
proposal and an estimated cost. The USCG Contracting Office
removes the cost data and transmits the technical data in
the proposal to the SRC for technical evaluation and review.

The SRC Executive Secretary verifies that no SRC or
Advisory Group member or affiliated company is represented
in the proposals. This_important step avoids conflict of
interest. The SRC chairman selects an ad hoc proposal
evaluation committee that generally consists of the Chairmen
of the SRC and the pertinent advisory group, two or three
other members from either the advisory group or the SRC, the
Secretary of the SSC, the Contract Officer's representative
and frequently one or two SSC liaison members.

The proposals are evaluated for the analysis of the
problem, the proposed solution, the assessment of the scope
of the effort and the adequacy of the organization and
personnel.

After the evaluation committee judges the technical
merit of the proposals, ranks them, and comments on any
shortcomings, the USCG Contracting Officer forwards the
technical evaluation and cost data to the SsC. The SSC
considers the proposals together with the technical
evaluation and costs, and sends its recommendations to the
Contracting Officer, who, following routine procurement

practices, then awards a contract.
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Annual Report Summary

SRC~SSC research activities during the current year
are covered in an annual report by status and progress
reports on active and pending projects and synoptic reports
on research projects that have been or probably will be
completed during the current year. The annual report also
includes the SRC recommendations to the SSC for continued
and new research to be funded during the ensuing fiscal
year.

This, the latest in the series of annual reports,
covers research activities during fiscal year 1979, sets
forth recommendations for the SSC's fiscal year 1980
research program and outlines a five-year research planning
program.

Five-Year Research_ Program_ Plan Development

A continuing program of research in marine
structures must be guided by a perception of the directions
in which marine activity is moving. There can be no doubt
that marine-oriented activity is and will continue to
increase in response to the expanding demands of society for
energy ahd materials. The past decade has seen a great
change in the character of ships. The trend toward
specialized ship types is one aspect of the change; for
example, economies resulting from large size have produced
half-million deadweight-ton tankers. This size trend is
seen alsc in Sreat Lakes bulk carriers and liquified natural

gas (LN3) ships. Size has increased rather than diminished
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the criticality of loads and structural and material
responses. The need to be able to predict accurately the
nature, occurrance and magnitude of loads and responses is
concommittantly greater.

New concepts on the drawing boards; for example,
those associated with the offshore thermal energy conversion
(OTEC) platforms, will continue to challenge the designer
with structures of increasing size and complexity.
Furthermore, as the need to explore and exploit the
resources of arctic regions and northern continental shelves
increases, the designers of ships and marine structures will
have to be able to deal confidently with the harsh
environmental conditions associated with these areas. Data
on waves, ice conditions, currents and the computational and
modelling techniques to translate such data into loads are
far from complete. While these and other like
considerations are not new, the urgency of the need for
precise and realistic load assessmen; in terms of
occurrence, duration, freguency and magnitude is more
pressing.

These considerations will surely be debateéd@ and
placed in perspective in the course of the development of a
20-year plan for research in marine structures now in
progress.

The FY-1980 program and the associated S-year plan
are aimed at producing developments that will support the

emerging needs of marine development as best they can now be
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perceived. Some of the specific areas addressed in the
program are discussed in the following paragraphs.
Vibration

The joint SSC-SNAME Vibration Symposium held in
October, 1978, produced eighteen excellent papers covering
the field of ship vibration and noise from the standpoints
of the researcher, the designer, the shiphuilder and tae
owner and crew. The proceedings were published by SNAME and
a critigue of the symposium has been prepared by E. Scott
Dillon. This material will be used for future project
planning in ship vibration research.

The SSC work on propeller-induced vibration
received a preliminary unveiling at the vibration symposium
in the form of a rather detailed approach to the analysis of
propeller-induced vibration in ship design. The question of
future research in this field will be taken up after this
project's results and those from the symposium are reviewed.

A question the SSC should begin considering is how
far to go in supporting research into propeller-induced
vibratory loads. This is a field in which the Navy at its
David Taylor Naval ship Research and Development Center and
others, notably the Davidson lLaboratory at Stevens Institute
of Technology, have done a great deal of work. And, it
apparently continues under Navy and MARAD support. It is
suggested that there may be good reason for the SSC to
concentrate on structural vibratory response and not get too

deeply involved ..n wake and propeller interaction in

Ao v 3 e i o St SRS
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connection with prediction of propeller-induced vibratory
loads. This and, in fact, the whole matter of propeller
vibration research might well be a subject for consideration
by an ad hoc group, or possibly it could be reviewed in the
course of the development of the long-range structural
research plan.

The response of the hull girder in springing and
the vibration associated with slamming depends strongly on
the various damping characteristics. Hydrodynamic damping
and added mass have been extensively modellied but the effect
of forward speed is as yet not completely accounted for.
Structural and cargo damping are also involved and, while 1
these are believed to be less important than hydrodynamic '
damping, little has been done to quantify their
contributions.

In addition to wave bending moments and those i
induced by springing and slamming, there is a class of loads
that are static or juasi-static in nature. These include )
thermal loads, still-water bending moment (SWBM) and the
ship's induced wave bending moment. Realistic evaluation of
the strength of a ship reguires that the magnitude and time ;
phasing of tnese loads be accounted for. The correlation

between full-scale stress data and logbook information with

e e

respect to SWBM is poor. Because SWBM is basic to even
first-order approximations of total bending moment, a means
of estimating SWBM, possibly probabalistically, and relating

it to cargo-loading patterns is needed.

-
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Arctic_Requirements

Investigations of ice loads have been, and continue
to be, carried out by the USCG and MARAD. The results
should provide a base for the development of improved ice-
strengthening criteria. These, at present, are arbitrary
and do not relate ice—strengéhening requirements to expected
ice conditions and the resulting loads.

To support the expected expansion of marine
activity into arctic regions, a look at steels used in non-
rarine cold-weather applications to see what might be
commercially available and used in arctic marine
applications, considering fracture toughness, thickness
range, stress levels and temperature ranges is an economical
first step.

As new designs and the technical needs of new
structures introduce new materials, new problems are
anticipated. It is true that no steels or alloys are
developed solely for ship construction, but there are
abundant technical data for those metals in commercial use.
However, ship construction and operation impose different
types of loading and service from those experienced in other
applications, therefore there may be a need for study in
some particular facet of the use of these steels. For
instance, the number of repetitions of stress in the life of
a ship on the North Atlantic may be very high, requiring an
understanding of the high~cycle fatigue behavior of - steels

in a moderately corrosive environment. Likewise, alloys for
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use at cryogenic temperatures are coming into broader use
for liquified gas carriers suggesting the need to study
fatigue of structures constructed of these materials.

Fatique

Long~-term corrosion fatigue is potentially an
important consideration in the design of offshore drilling
platforms. Designers of these platforms need S50-year high-
cycle corrosion fatigue data in sea-water environments that
will support a long-term design life. Because of the long
experimental times nec2ssary to develop 107 to 109 cycle
dat., extrapolation techniques will be required.

During the past decade, several projects have been
conducted relating to the fatigue of ship structures. Ship
response to sea motions continues to be studied using
computer simulations and actual measurements on instrumented
SL~7 containerships. The fatigue behavior of ship steels,
weldments and fabricated details also continues to be
studied in a variety of programs. Further progress in the
analysis of fatigue behavior requires a coupling of ship
response to sea motions with the materials response to

cyclic loads. Such a coupling is the fatigue-loads

spectrum.
Each ship has a unique spectrum that is a function

of response characteristics, the trade route (ref.ected in
time spent in each sea state), and the probable sreed,
heading and cargo loading while in each sea statr:. Given

the fatigue-loads spectrum, a stress spectrum applicable to

N m— o Aohir s i
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a given location and joirnt detail can be calculated using a
tfansfer function determined by finite-element analysis of
the ship structure. Th2 stresw spectrum and fatigue data on
ship steels can be analyzed using cumulative damage and
crack-growth models tr. assess the anticipated fatigue
behavior of the particular location.

Conceptually, a fatigue-load spectrum can he
developed for each ship and trade route, and stresses at
locations of interest, fatigue-control spots, can be
determined to derive stress spectra for the fatigue
analysis. Work now in progress should show how close this
concept is to reality and indicate the direction future work
should take.

Fracture

The rate of loading, or strain rate, is an
important parameter in determining the fracture toughness of
a ship structure at a given temperature. Strain rates
experienced in the hull girders of ships caused by wave
bending, springing and slamming have been estimated and
inferred, but little actual measured data are available.
This information is needed to establish the correlation
between laboratory fracture-toughness tests and material
performance in ships.

Fracture criteria remains a field that resists
satisfactory quantification, yet it is a basic consideration
in design. Because notch toughness is an expensive

cheracteristic to provide, the designer needs a meaningful

-
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measure of notch toughness that he can relate to actual
structures, loads and operating temperatures. In—dep;h
evaluation of fracture criteria for ships and marine
structures therefore needs to be continued.

A bothersome phenomenon that occurs in laboratory
tests of some steels is cleavage "pop-in." "Pop-in® is a
localized rapid crack propagation or burst that is arrested
short of full fracture. It is often considered the failure
point even though the load increases beyond the point of
pop-in before complete failure. This behavior contributes
to data scatter and may result in undue conservatism in the
application of fracture-toughness criteria.

Collision, Stranding and Drydocking

A survey of actual ship collisions has produced
virtually no useful data to verify theoretical models of the
phenomenon. The USCG has a comprehensive plan for research
in this field, including model and full-scale tests. This
work will be followed with new initiatives proposed by the
SRC to assist or supplement the work as it progresses.

While encounters with extreme or “episodic" waves
occur infrequently, the results are always disasterous.
and, in the case of large tankers, pose such a threat to the
environment that an understanding of these occurrences is
clearly important. Surveying the history of damage by large
waves and identifying the locations and conditions under
which they occur may suggest if research needs'to be done.

it is likely that designing a ship structure rugged enough
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to withstand such waves would be impractical. In any case,
means for predicting the occurrence, location and duration
of exteme waves is required for purposes of avoidance.

The stranding and loss of the ARCO MERCHANT off
Cape Cod and the AMOCO CADIZ off the Freach coast
highlighted the desire of the USCG for development of a
model and computer program to aid in assessiﬁg the damaged
stability and strength of a stranded ship and in estimating
the loads on it. This is a complex problem and a general
solution may prove impractical. However, the value of such
a tool to help in making on-scene decisions about off
loading, refloating, etc., makes even a partial solution
attractive. This work was originally recommended in a
single FY-1979 prospectus that included drydocking as well.
In the course of the program review by the 5SC, it was
decided to create two separate projects, one, ‘a computer-
aided procedure for ship grounding calculations, and the

other a computer-aided procedure for drydocking

calculations.
Verification

While the results from a project to correlate
computed and measured primary hull bending stresses for the
SL-7 containerships showed reasonably good agreement, the
change in hull shape above and below the still waterline,
not accounted for in existing methods, turﬁed out to be
important and had to he approximated arbitrarily. It now

appears feasible toc study means of treating this nonlinear

>
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problem of shape change. A further opportunity to verify
theory and computational methods by comparison with mcasured
data will be afforded by work now underwav by the USCG
aboard the Great Lakes bulk carrier WV S.J, CORT. The
full-scale measuremencs of stress, pressure and wave
conditions will be compared with measurements in model scale
as well as with calculated values.

Fjve-Year Research Program Plan

The five-year research planning program in Table I

builds upon current activities and places them in
perspective with contemplated work in various project areas
during the next four y:ars. The project areas are
classified under the following seven goals of the SSC:

Advanced Concepts and Long-Range Planning

loads Criteria

Response Criteria

Materials Criteria

Fabrication Techniques
Determination of Success/Failure Criteria

(Reliability)

Design Methods

Work in each of these areas includes adegquate
verification procedures to assure that sound recommendations
are made. The thrust is to expand the existing base of
knowledge in each area that will result in design methods,
fabrication procedures and materials for safer and more
efficient ships.

It is intended that the program be dynamic and

flexible in that it can be modified and redirected to be

responsive to changing circumstances.
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ADVANCED METHOD FOR SHIP-MOTION SRC Priority 1
AND WAVE-LOAD PREDICTIONS
Long—-Range Goal: Loads Criteria
BACKGROUND

The phenomena of bow-flare impact, slamming and the
shipping of water on deck are not adeguately handled by
existing linearized ship motion theory, which assumes that
motions are small and that the ship is "wall-sided" above
and below the still waterline. Model test results have
exhibited a nonlinear relationship between wave loads and
wave heights. This nonlinear phenomenon may result in part
from éhanges in hull torm shapes above and below the still
waterline for large relative motions between ship and wave.

Previous attempts to account for hull form shape
above the still waterline, such as S§SC-231, Further Studies

of Computer Simulation of Slamming and Other Wave-Induced

Vibratory_sStructural Ioadings_on Ships_in Waves have

exploited various aspects of strip theory but have yielded
only the resultant load on each section. 1In order to
adequately predict distributed hydrodynamic pressure loads
on the instantaneous wetted surface, a closer lcok at the
flow at the affected sections is required. Account should
be taken of the actval hydrodynamics, including the exact
body boundary condition. The breakdown c¢f the free surface
into spray sheets is difficult to handle numerically and
does not constitute the most serious aspect of the loading.

Hence some form of linearization cof the iree surface




MAN-HOURS
First Year
Second Year

Third Year
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2000 (appro&ed June 2, 1977}
3000 (approved June 6, 1978)
3000
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SR-1256, "INVESTIGATION OF STEELS FOR SRC Priority 0
IMPROVED WELDABILITY IN SHIP CONSTRUCTION"
Long-Range Goal: Fabrication Techniques
BACKGROUND

Domestically, experimental work on electroslag and
electrogas welding for marine applications has identified
the need for an improved ship hull steel that would have
minimal tendencies for degradation of the heat-affectad-zone
(HAZ) and weld-metal properties. Related work is directed
toward preserving HAZ toughness in steels for service
temperatures to approximately -50°C., Weldments that use
higher deposition rate welding practices in low-sulfur and
sulf ide-shape-controlled plate steels are being evaluated.
The SSC now has an on—-going three-year project to
investigate the additional metallurgical control that
appears necessary for minimizing degradation of HAZ and
weld-metal properties. Since only two years cf work have
been authorized, additional funding and authorization are
required tc continue the work through the third year.
OBJECTLVE

The objective of this study is to examine the
metallurgical factors affecting the weldability of steels
and to select the optimuﬁ rraterials and welding parameters
to provide improved resistance to degradation of the heat-
affected-zone properties in weldments made with high-

deposition rate processes.

———




MAN-HOURS
First Year
second Year

Third Year

32

2000 (approved June 2, 1977}
3000 (approved June 6, 1978)
3000




33

ADVANCED METHOD FOR SHIP-MOTION SRC Priority 1
AND WAVE-LOAD PREDICTIONS
Long-Range Goal: Loads Criteria
BACKGROUND

The phenomena of bow-flare impact, slamming and the
shipping of water on deck are not adeguately handled by
existing linearized ship motion theory, which assumes that
motions are small and that the ship is "wall-sided" above
and below the still waterline. Model test results have
exhibited a nonlinear relationship between wave loads and
wave heights. This nonlinear phenomenon may result in part
from éhanges in hull torm shapes above and below the still
waterline for large relative motions between ship and wave.

Previous attempts to account for hull form shape
above the still waterline, such as SSC-231, Further Studies

of Computer Simulation of Slamming and Other Wave-Induced

Vibratory_structural ILoadings_on Ships_in Waves have

exploited various aspects of strip theory but have yielded
only the resultant 1oad on each section. 1In order to
adeguately predict distributed hydrodynamic pressure loads
on the instantaneous wetted surface, a closer lcok at the
flow at the affected sections is required. Account should
be taken of the actual hydroedynamics, including the exact
body bourndary condition. The breakdown cof the free surface
into spray sheets is difficult to handle numerically and
does not constitute the most serious aspect of the loading.

Hence some form of linearization of the iLree surface
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boundary condition on the actual body shape may be
acceptable. The importance of viscosity depends on the
saction shape and the mode of motion. Except for
computational stability, viscous effects should not be
particularly important for.finite vertical motions of
typical ship sections. Lateral motions, however, may
involve significant vortex formation and a large increase in
¢ amping.

There are a number of numerical procedures
potentially capable of analyzing the distributed load in the
time dcomain (Ref. 1). Hydrodynamic finite-element methods
offer the greatest flexibility but require large amounts of
machine time and sopﬁistication of the user. A two-
dimensional numerical method has beer proposed by Chapman
(Ref. 2). The body boundary condition is solved exactly and
the linearized free surface is represented by a spectrum of
wave potentials. A procedure such as this could be coupled
with the lumped parameter methods described in SSC-231 (Ref.
3) to provide estimates of large amplitude motions and
distributed loads. Note that any other appropriate method
proposed by the contractor will be considered.

QBJECTIVF

The objective of the study is to develop a method
and appropriate computer program for predicting ship motions
and the distributed wave loads accounting for the hull form

shape above and below the still waterline.
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WORK_SCOPE

The following phases are considered essential to

meet the objective:

PHASE I: Model Formulation
Formulate the hydrodynamic model and the
calculation procedure, clearly defining the likely range of

applicability of the method.

PHASE II: _Computer Program

1. Develop a computer program and test it against
selected theoretical and experimental models. The program
should be designed to facilitate movement to a different
computer system.

2. Provide a user's manual including a test case
and a list of all machine dependent coding and options.
REFERENCES
1. Chapman, R.: "“Survey of Numerical Solutions for ship

Free-Surface Problems," Proceeding of Second

International Conference_on_ Numerical Ship

Hydrodynamics, University of California, Berkeley,
September 1977.

2. Chapman, R.: "large Amplitude Transient Motion of Two-
Dimensional Floating Bodies," Journal of Ship Research,
to be published in Spring, 1979.

3. Kaplan, P. and Sargent, T.P.: Further Studies of

Computer Simulation of Slamming and Other Wave-Induced

Vibratory Structural_ Loadings on_Ships in_Waves, Ship

Structure Committee Report SSC-231, 1972.
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MAN HOURS
First year Phase I1: 1500

Second year Phase II: 2500
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LONG-TERM CORROSION FATIGUE OF WELDED SRC Priority 2
MARINE STEELS

Long-Range Goal: Materials Criteria
BACKGROUND

A prominent feature of the offshore environment is
.the cyclic loading imposeé on structures by wave action,
with the result that corrosion fatigue is a failure mode
which must be considered by designers. This has long heen
recognized in the design of ships, offshore oil drilling
platforms, and other marine structures of welded steel. The
principal impact has been a restraint on effective use of
high-strength steels, and the imposition of fracture-control
plans involving design details, redundant structures,
enhanced notch toughness, and inspection. Particular
attention must be paid to welded joints and to local stress
concentration factors.

However, as designers of offshore platforms move
from familiar Gulf of Mexico applications to deeper water
and harsher environments, they find that fatigue
calculations for 20 to 50 years design life (with a suitable
safety factor) depend strongly on fatigue data in the range
of 107 to 109 cycles to failure, particularly data obtained
from large welded specimens with realistic sea-water
environment, cyclic-loading rate, and temperature control.
Such data are very scarce, with most data over 107 cycles

coming from accelerated tests of small specimens. Various
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interpretations and extrapolations of available data lead to
order of magnitude differences in calculated fatigue life.

Research in this area should improve reliability
and cost effectiveness of a wide variety of marine
structures--including deepwater ports, offshore energy
systems, floating vessels, risers, ocean mining, artificial
islands, communications, navigation, aquaculture, and
seafloor facilities, as well as fixed platforms.

OBJECTIVE

The objective of the proposed research is to define
and evaluate currently available technology for assessing
the long-life corrosion fatigue behavior of welded joints in
sea water; and to develop a plan for long-term future
efforts, if required.

WORK_SCOPE

The following tasks are considered essential in
meeting the objective:

a) Review current literature, and synthesize
these data into a statement of current knowledge in the
objective area. Particular emphasis shall be placed on
obtaining and digesting data from the massive UK-ECSC
Cffshore Steels Research Project, as well as the recent
review of corrosion fatigue of tubular joints by Battelle,
and continuing API-sponsored work.

b) Identify one or more candidate design/analysis
procedures, for example, crack initiation and propagation

using a fracture mechanics approach.
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c) Check each procedure against the available
test data for realistic welded joints used to project the
behavior of prototype structures in the marine environment.

d) Thoroughly investigate, from the standpoint of
reliability, sensitivity of such projections to inherent
data variability, different interpretations, and various
parameters which must be assumed or supplied by the analyst.

e) Analyze existing vessels or marine structures
having long or otherwise significant service histories to
further calibrate or validate the proposed design
procedures.

£f) Develop a long—-term plan in detail. This plan
shall describe the types of tests needed, how the data will
be applied to design, and how its reliability will be
established. Estimates of time, cost, and benefits shall
also be made,

MAN-HOURS
First Year - 2000

Second Year -~ 2000
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SL-7 PROGRAM SUMMARY, SRC Priority 3
CONCLUSIONS AND RECOMMENDATIONS
Long-Range Goal: Response Criteria
BACKGROUND

The Ship Structure Committee was presented with the
opportunity in 1971 to cooperate with the American Bureau of
Shipping and Sea-Land Service, Inc., in a program of
instramentation, data collection and data analysis on a
class:of modern high-speed containerships, the S.S. SEA-LAND
MCLEAN, and Class. A less comprehensive study was carried
out on the S.S. BOSTON in a previous SSC research program
directed toward the accumulation of full-scale seaways—
induced loading data.

The goal of the program has been to advance
understanding of the performance of ships' hull structures
and the effectiveness of the analytical and experimental
methods used in their design. While the experiments and
analyses of the program were keyed to the SL-7 containership
and a considerable body of data were developed relating
specifically to that ship, the conclusions of the program
are completely general, and thus applicable to any surface
ship structure. The program included measurement of hull
stresses, accelerations and environmental and operating data
on the 5.S. SEA-LAND MCLFAN, development and installation of
a microwave radar wavemeter for measuring the seaway
encountered by the vessel, a wave-tank model study and a

theoretical hydrodynamic analysis which relate to the wave-
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induced loads, a structural-model study and a finite-elenent
structural analysis which relate to the structural response,
and installation of long-term stress recorders on each of
the eight vessels of the class.

Results of each of the program elements have been °
or will be published as ship Structure Committee reports and
each of the reports relating to this program will be
identified by an SL-designation along with the uéual SsC~
number. With the exception of continuing scratch-gage
measurements, the instrumentation and data analysis program
is complete, -

OBJECTIVE

The objective of this study is to conduct a general
review and evaluation of the plans, procedures, results and
accomplishments of the SL-7 program.

WORK _SCOPE
The following tasks are considered essential to the
study:
(1} Review all SL-7 reports, as published by SSC,
NTIS, SNAME and the University of California,
Berkeley.

{2) sSummarize and evaluate the SL-7 program with
respect to the following topics:
a) Ship motion measurement and prediction
b) Load measurement and prediction
c) Stress measurement and prediction

d) Determination of ntrain rates
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e) Methods of statistical evaluation of data
(3) Interview all program sponsors to obtain their
respective evaluations of program goals and
accomplishments.
(4) Recommend further analysis of program results
for future applications.
MAN-HOURS

1000.
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STEELS FOR MARINE STRUCTURES ' SRC Priority 4
IN ARCTIC ENVIRONMENTS
Long-Range Goal: Materials Criteria
BACKGROUND

The development of resources in arctic regions will
soon require marine structures capable of withstanding
cembinations of very low temperature, high stress and
fatigue. For such structures to be designed with some
degree of confidence, reliable information on materials and
environment is required.
OBJECTIVE

The objective is to evaluate research reports and
other literature on material selection, fabrication
techniques and material reliability on non-marine cold-
weather applications as to the .usefulness of these materials
and techniques for marine structures in an arctic
environment.
WORK_SCOPE

The following topics should be considered while

cenducting the review and evaluation:

1. The temperature range which a marine structure
must withstand, within the areas where such
structures might be erected.

2. The mechanical properties of a series of
candidate steels to be used within this
temperature range, with particular emphasis on

fracture toughness and fatique.




3.

4.

5.

6.

7.

4y

The maximum thickness of steel that can be
employed in welded structures at the design
temperature.

The mechanical properties of weld metal that
can be used with candidate steels at the
design temperature.

The fracture criteria that should be used for
such structures.

The combinations of steels, welding rods and
thickness for marine structures in arctic
environments and temperature limits within
which each combination can be used.

Identify the need for improved materials and
welding procedures for arctic marine

applications.
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FRACTURE CONTROL FOR OFFSHORE STRUCTURES SRC Priority 5
Long~Range Goal: Materials Criteria
BACKGROUND

A fracture-control plan may be defined as a plan by
which design options, materials selection, fabrication
control, and inspection procedures are integrated into a
consistent strategy, with the goal of preventing failure by
fracture in service of welded structures.

In the case of fixed offshore platforms, this goal
is achieved through the use of redundant structure, the
selection of materials with enhanced notch toughness and
improved through-thickness properties for critical
locations, fabrication quality control, and in-service
inspection. To a large extent, these measures fall in the
domain of customary practice, with some attendant variation
from company to company, and from region to region.
OBJECTIVE

The objective of this study is to produce a summary
of the technology and practices that constitute the
fracture-control plans used by designers, builders and
operators of offshore structures.

WORK_SCOPE

The following tasks are considered essential in
summarizing the fracture-control plans:

a) Contact Vrnowledgeable designers, fabricators,

and operators of offshore structures for




HOURS

c)

a)

e)

1500
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descriptions of their current fractire-control
practices.

Review pertinent U.S. and foreign literature.
Identify the essential elements of a fracture-
control plan..

Identify areas where gxisting technology would
suggest cost-effective improvements in current
practice.

Identify areas where further research is

needed.




o
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SHIP STRUCTURE LOADING IN EXTREME WAVES SRC Priority 6
Long-Range Goal: Loads Criteria
BACKGROUND

Numerous ships have been severely damaged or lost
through structural failure caused by encounter with an
episodic wave of extreme height and force. There is need of
better understanding of the behavior of ships hull
structures under such conditions. Research is underway on
the ultimate strength of ships structural elements under
collapse loads. However, there is now no understanding of
how these extreme waves load the ship's structure. It is
important to know whether the critical problem is one of
hull girder failure, extreme bow slamming, "green water" on
deck, superstructure damage, or some other phenomenon.
OBJECTIVE

The objective is to understand the possibility of a
ship encountering some kinds of extreme waves and to
understand the significance of this in ship structural
design.
WORK_SCORE

The following tasks are to be considered in meeting
the objective:

1. Survey published data world-wide about these

occurrences.
2. Consult classification societies, marine

insurers and salvors, owners, government




MAN-HOURS

3.

5.

6.

1000.
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agencies and any other sources of unpublished
data on these losses.

Classify the data gathered by geographical
location, incident environmental conditions,
type vessel, type damage, loss of life,
financial loss, and environmental damage.
Identify the most common and the most severe
forms of structural failure which have
occurred in the past from extreme wave
loading.

Analyze and discuss the data to determine the
most significant circumstances surrounding
these cases.

Recommend a program of future research.
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DISCONTINUOUS (POP-IN) FRACTURE IN SHIP SRC Priority 7
STEELS
Long~Range Goal: Materials Criteria
BACKGROUND

Ship steels generally exhibit elastic-plastic
fracture behavior for the temperature and loading rates
encountered in service, i.e. through-thickness yielding
precedes fracture. During fracture toughness testing, the
typical load-displacement record for such a steel exhibits
large displacements prior to reaching a maximum load.
Sometimes, however, the rising load curve is interrupted by
pop-in due to cleavage. This is particularly true as
thickness and loading rate are increased and temperature
decreased. The arrest of the cleavage crack in a fracture
toughness test is facilitated by the load drop that
accompanies pop-in. Since a drop in load cannot be relied
on in service, fracture toughness testing criteria generally
consider the load displacement at pop-in as the failure
point. However, for some cases (e.g. weldments or thick
plates) the pop-in may be a very local event and treating it
as the failure condition results in undue conservatism and
contributes to scatter in the test data.
OBJECTIVE

The objective is to develop an understanding of the

cleavage pop-in phenomenun in carbon-manganese steels.
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WORK_SCOPE

A systematic series of fracture-toughness tests
should be conducted on ABS grade steel at a constant loading
rate and temperature within the ductile—to-britﬁle
transition range. The test temperature should be selected
on the basis of preliminary tests which indicate the
temperature where cleavage pop-ins are likely to occur. The
tests should be conducted under nominally identicél
conditions of temperature, loading rate, and test material.
Specimen configurations (e.g. bend and tensile), specimen
dimensions, load train compliance, and material
characteristics should be systematically varied. In each
test the specimen should be unloaded immediately after pop-
in and the extent of cleavage marked by heat tinting or
other suitable methods. The variation in the extent of
cleavage should then be evaluated in terms of the fracture
mechanics parameters at pop-in, specimen orientation,
specimen type and dimensions, and load-train compliance.
Efforts should be made to develop a theoretical model to
predict the extent of cleavage pop-in.
MAN-HOURS

First Year - 1500

second Year -~ 2000
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ANALYSIS AND ASSESSMENT OF MAJOR SRC Priority 8
UNCERTAINTIES IN SHIP HULL DESIGN
Long~Range Goal: Reliability
BACKGROUND

The safety of structures in ggneral, and ship hull
structures in particular, is a matter of acceptable risk.

In order to properly consider safety from this standpoint,
safety may be measured in terms of the probability of no
failure, or conversely, the probability of failure.

Some probability of failure is invariably
unavoidable in engineering design, in view of the fact that
designs are almost never developed with complete technical
information; i.e. designs are formulated under conditions of
uncertainty. Also, there are economic considerations.

There is uncertainty in the predicted maximum load that a
ship may experience over its life; similarly, there is
uncertainty in the estimation of the resistance of a ship,
in any given mode.

Probabilistic methods of safety analysis and
probability~based design methods are now widely available in
other areas of engineering, including civil structural
engineering, and nuclear power plant engineering, among
others. The key element in the implementation of any
existing probabilistic methods for safety analysis and
development of reliability-based design criteria is the
assessment of realistic measures of uncertainty underlying

the particular technology of design. In every case, careful
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and systematic analysis of the major sources of uncertainty
in the design pro;ess is crucial for developing proper
reliability-based design criteria.

The results of this proposed study should form the
necessary bases for a better approach to new ship design
using the evaluation of realistic probabilities of certain
major modes of failure of a ship hull. The availability of
this information should then permit the evaluation of the
safety of current ships; this may be expressed in terms of
the probability of failure on the basis of reasonably
prescribed resistance and load probability distributions, or
in terms of the "safety index". These latter evaluations
can be readily performed once the underlying uncertainties
have been assessed and evaluated.

OBJECTIVE

The objective of this study is to identify the
major sources of uncertainties underlying the design of ship
hull structures.

WORK_SCOPE

The following tasks shall be performed to meet the
objective:

(1) Examination of current procedures for
determining the expected lifetime maximum load
on a ship hull to evaluate any bias underlying
the current methods of determining design
loads relative to the real lifetime maximum

load. This shall include a careful assessment
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of the coefficient of variation representing
the total degree of uncertainty in the
predicted lifetime maximum load.

(2) A similar assessment of the bias and
uncertainty underlying the current methods for
the analysis of stresses and other response
quantities of a ship hull.

(3) A systematic examination of the current
methods for predicting the resistance of a
ship hull to the major modes of failure; for
example, the flexural buckling of the main
hull girder, The study should be aimed at
evaluating any bias in the current methods for
calculating the structural resistances in the
particular modes being examined, as well as
for assessing the coefficients of variation
representing the total degree of uncertainty
in the predicted resistances of a ship hull.

Available data will invariably be incomplete for

the purpose of this study. Nevertheless, efforts should be
taken to exhaustively search out all available data, and
analyze them for fhe above purposes. Areas where
information is lacking or insufficient shall be supplemented
with best judgments; these may have to be expressed or
translated into probability terms.

MAN-HOURS

1000
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IN-SERVICE STILL-WATER BENDING MOMENT SRC Priority 9
DETERMINATION .
Long-Range Goal: Loads Criteria
BACKGROUND

SSC 240, Load Criteria for Sh} Structural Desiqgn,
discusses the determination and the relative'importance of:

A. The still-water bending moment (SWBM)

B. The speed-induced wave bending moment

C. Thermal effects

D. Wave Loads

E. Dynamic Loads

All of these have been approached both
theoretically and empirically. Advances in computers now
makes possible a more sophisticated treatment. In a similar
manner, advanced instrumentation and recording equipment
open new doors to the collection of data. Developments in
both areas, coupled with the introduction of new types of
ships and larger ships of old types provide many
opportunities for research which should help to achieve
eventually the goal of a truly rational method of ship
design.

SR-1227, "Load Criteria Application," is a follow-
on project to that one reported in SSC 240. It deals!w%th
calculation and measurement of lcad and stress data féﬁy
three ships - a contairership, a bulk carrier and a large
tanker. Among the things that were to have been

accomplished under SR-1227 was the determination of the

i
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variation in the loads causing still-water bending moments
from voyage to voyage and during the course of individual
voyages. This proved to be difficult and was not
accomplished to the degree desired.

A program is now proposed to aevelop a plan to
obtain service data on SWBM in sufficient quantity to be
useful in the fornmation of a probability-based design
method.

OBJECTIVE

The objective of this study is to develop a plan to
obtain in-service still-water loading data.
WORK_SCOPE

The following tasks are considered essential in
developing the program plan:

1. Deteriine ship types which should be included

in the study.

2. Evaluate the relative cost and effectiveness
of various methods of obtaining SWBM service
data, such as:

. Keeping loading records on selected ships
® Recording stresses on selected ships
* Any other

3. Interview designers, builders, owners,
operators and classification societies to
determine:

. Methcds they use to control SWBM and

their opinion as to their effectiveness




4.

6.

MAN-HOURS

1000
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J Their opinion as to the present range of
SWBM on the ship with which they are
concerned

. The willingness of owners and operators
to participate in a' research program to
record loading conditions and/or to
measure stresses via instrumentation.

Develop a strategy for recording ldads and for

calculating SWBM on representative ships.

This should contain names of willing ship

owners, ship types and names, specific data

recording procedure, specific calculational
procedure, manning and cost.

Develop a similar strategy for obtaining SWBM

data by recording stresses on ships throughout

the voyage including port time. This should
inqlude some or all of the same ships involved
in the previous item. A procedure for
separating SWBM stresses from other stresses
should be established.

Determine a specific and detailed program foxr

obtaining still-water loading data, including

a cost and time estimate. .
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DISTORTION IN ALUMINUM WELDMENTS SRC Priority 10
Long-Range Goal: Fabrication Techniques
BACKGROUND

Increased use of aluminum in shipbuilding has
emphasized the need for mere information on distortion in
aluminum structures. The distortion problems in welding
aluminum are more severe than those of steel because of the
higher coefficient of thermal expansion along wiih a lower
modulus of elasticity. The recent paper by V. J. Papazoglow
and K. Masubuchi "Analysis and Control of Distortion in

Aluminum Structure® (SNAME Transactions, Vol. 86, 1978)

reports on a three-year investigation at M.I.T. directed
toward an understanding of the problems and the development
of analytical means to predict distortion and analyzing
methods of distortion control.

While this work significantly increases available
knowledge of distortion in aluminum, most of the attention
has been directed to relatively thin plates. Certain types
of LNG carriers use welded aluminum structures in heavier
thickness ranges where more stringent control of distortion
is required.

OBJECTIVE

The objective of this study is to prepare a gquide

for controllingy and accommodating distortion in aluminum

weldments throughout the usable thickness range.

P,
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WORK _SCOPE

The following elements are considered neceséary in

developing the guide:

1) A review of pertinent domestic and foreign
literature.

2) A survey of the design applications of
aluminum weldments for various thickness
ranges.

3) A documentation of the rationale for
controlling and accommodating distortion in
aluminum weldments.

MAN-HOURS

1000
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LIQUID SLOSH LOADING IN CARGO TANKS SRC Priority 11
Long-Range Goal: Loads Criteria
BACKGROUND

Operation of vessels at sea with partially filled
liquid cargo tanks imposes dynamic loadings on the tank
boundaries due to movement and sloshing of the tank
contents. While the nature and magnitude of these loadings
has been studied by many investigators, the information
developed by these studies has not been codified and remains
scattered in various technical journals. The current
Project SR-1251, "Evaluation of Liquid Dynamics in Slack
Cargo Tanks" is investigating liquid dynamic loads in slack
tanks, but this effort is concentrating’ rather specifically
on LN in tanks with smooth internal surfaces.

A three-year program is proposed to codify
information on dynamic loading of all types of liquid
cargoes, tank configurations and fill conditions, with a
program of model testing and analysis to fill gaps in
available information, and a report format useful to
structural designers and ship operators.

OBJECTIVE

The objective of this study is to determine the
sloshing loads from a broad selection of liquids of varying
properties imposed on tanks of varying proportions with both

smooth and structurally stiffened surfaces.
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The following tasks are considered essential in

establishing sloshing loadss

PHASE I - Literature Search_and Parametric Analysis

1.

2.

3.

Compile and review available data for
prediction of slosh loads based on analysis,
model tests or full-scale performance.
Correlate data on basis of suitable parameters
pertaining to such factors as tank shape and
size, interior surface construction and liquid
properties such as density and viscosity, and
liquid level.

Devise a program of model testing and analysis

to augment existing information.

PHASE II - Model Testing and Analysis

Implement the program of model testing and/or

analysis developed during Phase I.

PHASE III - Codification of Information

Prepare a well organized summary, for use by ship

designers and operators, of data on the dynamic lcadings of

tank boundaries in consideration of ship motiens, liquid

properties, tank geometries and structural systems, and

other pertinent parameters.

MAN-HOURS

First year ~ Phase I - 1500

Second year- Phase II - 3000

Third year - Phase III - 1500
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REVIEW _OF ACTIVE_AND PENDING PROJECTS

This section of the report covers current projects
funded with fiscal 1978 (or earlier) funds, others that have
been started with fiscal 1979 funds, and several projects
for which proposals are not yet in hand but are anticipated
to be supported with fiscal 1979 funds. These projects,
listed in Table III, constitute the current program. The
majority of projects are for one-year!s duration; multiyear
projects are funded incrementally on an annual basis.

Project descriptions, including the SR project
number and title, the name of the principal investigator and
his organization, where these have been determined, and the
activation date and funding, where applicable, are provided.
The appropriate SSC Long-Range Goal is also noted, and a
very brief statement of the objective of each project is
given. These are followed by a short description of the
present status of th.L project.

This format dces not permit a detailed or
comprehensive description of iudividual projects; however,
each project included will normally result in one or more

SSC reports.
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TABLE_III -~ REVIEW OF ACTIVE AND PENDING PROJECTS

SR=NO.

s - o

SR-1238,
' SR-1241,

SR-1245,

SR-1251,
SR-1254,
SR-1255,
SR-1256,
SR-1257,

SR-1258,
Sk-1259,
SR~1261,
SR-1262,
SR-1263,
SR- 1265,

58-1266'

SR-1267,
SR-1268,
SR-1269,

SR"1270'

PROJECT TITLE

"Fracture Toughness characterlzatlon of sShip Steel
Weldments®

"Longitudinal Strength Criteria Based on
Statistical Data Analysis"

"Reduction of SL-7 Scratch-Gage Data"

“"Evaluation of quuid Dynamic Loads in Slack Cargo
Tanks"

"Fatigue Considerations in View of Measured load
Spectra"

"Nondestructive Inspection of Heavy Section
Castings, Forgings, and Weldments"

"Investigation of Steels for Improved Weldability
in Ship Construction

"Fatigue Characterization of Fabricated sShip
Details"

"Structural Details Failure Survey Continuation®
"A Long~Range Research Program in ship Structures®
"Hull Structural Damping Data"

"Ultimate Strength of Ship Hull Girder

“ship Structural Design Concepts - Part II"

“Evaluation of Fracture Criteria for Ship Steels
and Weldments"

"Criteria for Hull/Machinery ngxdlty
Compatibility"

"Ice Strengthening Criteria for Ships®
"Evaluation of SL-7 Scratch-Gage Data®

"Internal Corrosion and Corrosion Control
Alternatives"

“Survey of Experience Using Reinforced Concrete in
Flcating Marine Structures®

PAGE
64

65

66
67

68

69

70

71

72
73
74
75

76
77

78

79
80

81

82
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SR-NO.
SR-1271,

SR-1273,
SR-1274,

SR-1275,

63
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PROJECT TTTLE PAGE

"pressure Dlstributxon Model Tests in Waves® 83

"Computer-Aided Procedure for Ship Groundlng 84
. Calculations":

"Computer-Aided Procedure for Drydocking 85

Calculations®

"Computer-Aided, Preliminary Ship Structural 86

Design"

"?ull—écale Pressure Distribution Measurements of 87
M/V S.J. CORT* ‘
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" PROJECT NO: SR-1238 ‘ .
PROJECT TITLE: "~ ‘FRACTURE‘ TOUGHNESS -CHARACTERIZATION OF
SHIP STEEL WELDMENTS
- INVESTISATOR: '~ Dre A. K. Shoemaker ‘ )
CONTRACTOR: U.S. Steel Corporation, Morroeville, PA
ACTIVATICON DATE: January 28, 1977
CONTRACT FUNDING: ' = $62,212 .
; SSC LONS-RANGE GOAL: Materials Criteria ~
OBJECTIVE

The objective is to determine the relevance of the

Charpy V-notch energy criteria currently employed in

e 15 b O e R R A i S

assessing the behavior of steel weldments.
STATUS

All Charpy, tension, and hardness testing has been
completed. Some fatigue-crack initiation tests have been
started, but test machine difficulties have intruded into
the schedule. Propagation tests and three-point bend full-
thickness stress intensity (Kc) tests are now underway. The
compressive-fatigue~-load range had to be reduced to
eliminate the testing machine problems. However, these data

can be extrapolated by using the Goodman diagram. A draft

final report is scheduled for veview in mid-May, 1979.
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PROJECT NO: SR-1241 -
PROJECT TITLE: LONGITUDINAL STRENGTH CRITERIA BASED
ON STATI'STICAL DATA ANALYSIS
INVESTIGATOR: Mr. N. S. Basar ) ’
CONTRACTOR: M. Rosenblatt & Son, Inc., New
York, NY
ACTIVATION DATE: September -30, 1976
CONTRACT FUNDING: $16,414

SSC LONG-RANGE GOALs Design Methods
OBJECTIVE

The objective of this study is to develop a
computer program for a method for analysis of uncertainties
associated with ship hull strength due to mill practices,
methods of sampling, variations in material properties and
scaatling sizes, time-dependent effeéts, etc. with
expressions for margins of safety and structural
reliability.
STATUS

A draft final report presents the available
techniques for probabalistic structural reliability analysis
but does not discuss whether the various techniques are
practically effective or not. For example, some of the
methods mentioned can be complicated while the Monte Carlo
method can be very expensive. The final report is being
revised to discuss this aspect and to indicate that the
determination of an appropriate safety factor for design
from probabalistic methods, when used in cne of its most
effective forms, is most significant. Additional time and

funds have been allocated for this revision.
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PROJECT NO: SR~ 1245

PROJECT TITLE: REDUCTION OF SL~-7 SCRATCH~GAGE DATA

INVESTIGATOR: © . Mr. R. F. Brodrick

CONTRACTOR:S Teledyne Engineering Services,
Waltham, MA

ACTIVATION DATE: March 1977

CONTRACT FUNDING: $88,511

SSC LONG-RANGE GOAL: Response Criteria

OBJECTIVE

The objective is to obtain and reduce scratch-gage
records from eight SL;7 containerships to usable form.
STATUS

Five years of scratch-gage data have been
examined, scﬁled, and presented in the form of histograms.
An SSC report will soon be published with these data.

Two additional years of data will be similarly
reduced and presented. These data will be augmented with
the results of comparisons between the scratch-gage data and
the electrical strain gage data obtained aboafd the SL-7
SEA-LAND McLEAN. An attempt will also be made to develop
transfer functions to'correlate those scratch-gage data
taken aboard the other seven SL-7 ships.

The additional data collection, formerly obtained
under project SR-1215, "SL-7 Extreme Stress Data Collection"

is now under SR-1245, to consolidate contracts.

A A o e $n O
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PROJECT NO: SR-1251 ‘ o

PROJECT TITLE: . ‘EVALUATION OF LIQUID DYNAMIC LOADS
IN -SLACK LNG CARGO TANKS

INVESTIGATOR: Dr. R.L. Bass

CONTRACTOR: Southwest Research Institute; San
Antonlo, >

ACTIVATION DATE: Septémber 16, 1977

CONTRACT FUNDING: $72,159 :

SSC LONG-RANGE GOAL: Loads Criteria

OBJECTIVE

The objective of this study is to survey, test,
analyze, and develop liquid dynamic load criteria in slack
LNG cargo tanks.
STATUS

A search of the open literature produced little
useful information on the structural analysis for slosﬁing
pressures, but did provide sufficient model data to cover a
wide range of fill depths, excitation frequencies, and
amplitudes, tank-wall pressures measurement locations, and
total force measurements. Model test results conducted in
this project using two degrees of simultaneous excitation
indicate that worst case situations occurred when the
heaving and surging excitation frequencies were equal and
set at the resonant frequency for surginyg only motion.
Additional preliminary results indicate that the
experimental and theoretical resonant period agree well for
the pitching, surging, and combined surging and heaving

excitation motions.
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PROJECT NO: SR-1254 .

PROJECT TITLE: FATIGUE CONSIDERATIONS IN- VIEW OF
MEASURED LOAD SPECTRA

INVESTIGATOR: Mr. R.F. Brodrick

CONTRACTOR: Teledyne Engineering Services,
wWaltham; MA -

ACTIVATION DATE: June 21, 1978

CONTRACT FUNDING: $58,582 .

SSC LONG-RANGE GOAL: Materials Criteria

OBJE VE

The objective of. this study is to assess the
influence of. fatigue loading: spectra on the margin of safety
provided by current fatigue design practices.
STATUS

A literature survey of ship loads and fatigue
behavior has been completed. Preliminary analysis of the
bulk carrier FOTINI L data' indicates it may be possible to
define a. fatigue load spectrum in terms of peak stress
distributions, mean stress, area under the spectral density
curve, characteristic period, and encounter cycles. Crack-
growth retardation models are being examined by using ship

loading spectra as input.

[PIROSPRRUmAS
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PROJECT NO: SR-1255 . . - T

PROJECT TITLEZ NONDESTRUCTIVE: INSPECTION- OF HEAVY
C : - SECTION CASTINGS, FORGINGS, AND

- - WELDMENTS " b -

‘INVESTIGATOR: ‘Mri. EoLis Crlscuolo

CONTRACTOR: Naval Surface-Weapons Center, thte
Oak, MD T

ACTIVATION DATE: . June 1; 1977

CONTRACT FUNDING: $20,000

SSC LONG-RANGE GOAL: Fabrication Techniques

OBJECTIVE

‘The .objective of ‘this study is to survey
representative nondestructive inspection methods for ship
castings, forgings, and weldments, and identify existing
acceptance standards.
STATUS

Specifications regarding procedure .and suggested
acceptance criteria were obtained for both the ultrasonic
and radiographic methods of nondestructively inspecting
large steel castings.

In addition, ASTM procedural guides have been
reviewed for suitability to this applicatiocn.

These data are being incorporated into a technical

report.
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PROJECT NO: SR-1256

PROJECT TITLE: INVESTIGATION -OF STEELS FOR IMPROVED
WELDABILITY IN SHIP CONSTRUCTION

INVESTIGATOR: Mr. R.W. 'Vanderbeck

CONTRACTOR: ‘U.S. 'Steel Corporation, Monroeville, PA

ACTIVATION -DATE: September 29, 1978

CONTPACT FUNDING: $204,796

SSC LONG-RANGE GOAL: FabriCation Techniques

OBJE VE

The objective of this three-year study is to
select the optimum materials and welding parameters to
provide improved resiétance to degradation of the heat-
affected-zone (HAZ) properties in weldments made with high-
deposition rate processes.
STATUS

A literaturvre survey is underway to serve as a
basis for the selection of promising experimental steels
that will be produced as laboratory heats. The best of
these steels will be screened out by simulated HAZ testing,
and, along with two reference production ship-plate-type
heats, will be evaluated by various tests on base metal and
weld -HAZ (various heat -inputs). The metallurgical factors
contributing to improved HAZ behavior will be identified.

Finally, the most promising steel will be commercially

produced and evaluated using several welding processes and a

variety of tests including Charpy V-notch in various

locations in the weld HAZ.
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PROJECT NO: SR-1257 oo T ‘
PROJECT TITLE: FATIGUE. CHARACTERIZATION OF 'FABRICATED
SHIP DETAILS -

INVESTIGATOR: Prof. W.H. Munse ’
CONTRACTOR: . -« University ‘of Illinois, Urbana, IL .
ACTIVATION DATE: Novembeér 30, 1978

CONTRACT FUNDING: $95,016 " "

SSC LONG-RANGE GOAL: Matsrials Criteria

OBJECTIVE
The objective of this two-year study is to '
classify ship details in terms of their behavior and useful
life under cyclic—loading conditions.
§IAI!§
Work has begun on a literature survey, evaluatisn
of current fstigue criteria, and classification of
fabricated ship details.
Tﬁese phiases are to follow:
'a) Identification 55 details for which fatigue data
ase plentiful, limited, or lacking.
b) Development of fatigue design criteria, and
c) Laboratory fatigue tests to verify the

classification procedure and to supply missing

data.
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PROJECT NO:
PROJECT. TITLE:

INVESTIGATOR:
CONTRACTOR:

ACTIVATION DATE:

CONTRACT FUNDING:
SSC LONG-RANGE GOAL:

OBJECTIVE

e B et

72

SR-1258

‘STRUCTURAL DETAILS FAILURE SURVEY

CONTINUAEION

Mr. C.R. Jordan .

Newpart News: Dry Dock and Shlpping ~
Company, -Newport News, VA ’
December 6, 1977

$49,761 .. .

Fabr;cation Techniques

The obiéctive of this étudy is to evaluate the

effectiveness of structural details by examining several

details in selected ships undergoing repairs or periodic

surveys.

STATUS

Surveys have been‘made on 5 bulk carriers, 11

general cargo ships, and 12 containerships, concentrating on

the midship cargo sections, to augment the data obtained in

Project SR¥1232, “Structural Details Failure Survey."
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PROJECT NO: . SR-1259

PROJECT TITLE: A LONG-RANGE RESEARCH PROGRAM IN SHIP
L sraucrunns :

CONTRACTOR: G1bbs & Cox, Inc., Arlington, VA

ACTIVATION DATE: January 3~1, 1979

CONTRACT FUNDING: $213,740°

SSC LONG-RANGE GOAL: Advanced Concepts and Long-Range

Planning
OBJECTIVE

“The objective of this two-year study- is to develop
a marine striuctures planning document directed toward, but
not limited to, thé technical goals and c¢haiter of the Ship
Structure Committee, and to forecast the research and
development needs, based on a system of priorities, for the
neit 20 years. .
STATUS

A format is being developed to assess the cost

reduction, safety, environmental, and military effectiveness
benefits of candidate long-range research plans.
Subsequently, a quantitative measure of these benefits per
research and development dollar invested will be proposed.
Simultaneously, workshop conferences will be conducted to
identify the structural problems that need to be addressed.
Finally, a final planning document will be prepared that
will include background material, a summary of the technical
approaches and method formulation, the benefits and the

technical man-hour estimates for the recommended programs.




Ty

b e i AT - o o Y S s o it s

74

PROJECT NO: SR-1261

PROJECT TITLE: HULL STRUCTURAL DAMPING DATA
INVESTIGATOR: Mr. T.P., Carroll

CONTRACTOR: Carroll Associates, Bethesda, MD
ACTIVATION DATE: February 1979 .
CONTRACT FUNDING: $21,733

S3C LONR-RANGE GOAL: Design Methods

OBJECTIVE

The objective of this study is to collect and
evaluate. structural damping data applicable to ship
vibration analysis, and to recommend an experimental
program, model or full scale, to expand and verify the
design data.
STATUS

This project is getting underway after some delay
incident to clarifying the contractor!s proposed work
statement and insuring the participation of an expert

hydrodynamicist.
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PROJECT NO: SR—1262 VAl - AR A e 3
PROJECT2TITLES: b o0 ULTIMATEFSTRENGTH OF SHIE«HULLvGIRDER
INVESTIGATOR: Dr. A.E.; Mansour
CONTRACTOR: Mansour: Engineering, Inc..mBerkelex
ACTIVATION DATE:. o May: 1401978 .- DM Y e
CONTRACT FUNDING: $37 1080 W "i"‘#" :,’ [N TDAE A5 SN TR
SSC LONG-RANGE GOAL: Design Methods AR AL T S T T
R R S B A OSSP ARIPIN
OBJECTIVE

The objective of this study is to develop &
PAALITTG Y P » dr TR
procedure to determine the load-deformation characteristics
ﬁit«”f»if‘f 5 1, ity ! p o2 " o .
and ultimate strength of a ship hull girder under various

[

combinations of vertical, lateral, and torsional loads. =’
g

STATUS ST

T g AT ‘ LI
An in«eraction relation has been established that
afdy L Lo .o , .
.<lows for the determination of the reduction in either the

¥ . e
LD ‘ger

fully plastic vertical, lateral, or torsional moment under

various magnitudes and combinations of the other two

i"‘ i A Y

moments. Applications of several of the developed relations

LT TR o

to a 190, 000 DWT ship and a 930 ft. barge have been made.

Other types of ships. buckling, strain hardening effects.

Ty e g

rationale for combining maximum shear and bending moment

AR T A

values from different shipboard locations. relation of

procedures to experimental data still remain to be examrned.

N
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PROJECT NO: SR-1263 57 -ul vl {Lifhﬂ
PROJECT TITLE: ”FJ”SHPP‘STRUCTURAL DESIGN CONCEPTB e
P = PART L .0 - i hean

INVESTIGATOR: ¢ - - DrncJ.HM Evans ”%ﬁvnz.ﬁn i
CONTRACTOR: J H. ‘Evans, Lexington,.MAa R
ACTIVATION DATE: March 1, 4978!* PE N I
CONTRACT FUNDING: 325'000f e R I 2PN L TR

SSC LONG-RANGE GOAL: Design Methods

OBJECTIVE ) ,

A Ihe objeﬂtive of this two~year study is to prepare
a supplementary monograph to the §h§p_§;;_g§g;gl_gggign
gggcep; published in 197&.

STATUS

@ A suggested title for this monograph is "Other
Topics on Ship Structural Design" and will now embrace fhe
following nine chapter headings- 1) Hull Deckhouse
Interactions." (2) Shearing Stresses Due to Bending. 3)
Shearing stresses Due to Torsion, u) Principal Stresses, 5)
Extent of Unreduced scantlings, 6) Hull Girdev Deflections
and Stiffness, 7) Full-scale Longitudinal Strength
Experiments, 8) Hull Cross—Section Synthesis in the Presence
of Bending Plus shear, and 9) Preliminary Choice of Framing
systens.
| A number of chapters hane been completed ano

others are in the draft stage.
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PROJECT NO: SR~1265  ;::s..x
PROJECT, PLTLEz1,: : -.; .- EVALUATION. o:m ERACTURE CRI;I'ERIA ro;; o
‘ SHIP: lS'I‘EELS«;ANDs -WELDMENTS'

L e A

INVESTIGATOR: Prof. .w.”hgp g
CONTRACTOR: Prof. A.wmﬁPense, Bethlehem, PAagf',g”
ACTIVATION DATE: April 4, 1978, ST et b 1P
CONTRACT FUNDING: ss.caoq f;pgq, American Iron"‘ d St xl{ A

Ins ; wt:?tﬂ ShAl e e tat 2E

SSC LONG-RANGE GOAL: Materials Criteri

S A

OBJE VE
n;:qﬂj‘ 'Tﬁemoéﬁective of this stndy is to prepare a state-
of-theiéf%aiﬁterpretative report on the correlation of
fracture toughness in ship steels and weldments to proposed”

» ¥
.

criteria for adequate resistance to fracture in servicé? e
— S -

A report outline has been reviewed and data are
being gathered and analyzed. Answers to the following
questions ure being sought: .

1. Are enough data available to adequately assess

the proposed fracture-toughness criteria?

2. Are the proposed fracture-test methods adequate
measures of material performance in ship
applications?

3. Based on material data and service performance,

are modifications to the proposed criteria needed?
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PROJECT NO3 . . . . SR-1266 A o
PROJECT nn.z- L vt ‘CRITERIA!FORHULL/MACHINERY Rﬁrmm

e ’c,ég,%:r;@; Ty s o er
INVESTIGATOR: . . UnKnmown''-* & IR
CONTRACTORs: '~ % "+ 7™~ Unkﬁ“g?n Ce T
ACTIVATION. DATE: Unknown - * AN SO
CONTﬁACT FUNDING's! 112000° man-hours S S S SR S
SSC LONG-RANGE GOAL: Response Criteria

ORJECTIVE
The objective of this study is to develop criteria

a8
+

for compatability in rigidity of hull and main-propulsion
machinery.

SIATUS

Proposals have been evaluated.
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PROJECT NO: SR-1267 5a%i ~=y T AT
PROJECT .TITLES " . > %ﬂICR~STRENGTHENING CRITERIA.FOR SHIPS“

INVESTIGATOR: Unknown ;o Nus DRRTROT I
CONTRACTOR: Unknown oo 5o ?‘"135«5 A

"ACTIVATION DATE: Unknown  nreasfel PEAE T ST

i

CONTRACT FUNDING: 2000nmn-hours>é"» N XA RIS T
SSC LONG-RANGE GOAL: .Loads-Criteria..;i . :/ v "alan o ;o0
OBJECTIVE AN

s . The objective -of-this -study is to..develop a basis

for .a rational .gelection of ice strengthening:criteria -for-
vesselss. .0 . .. oo P L A - A S T S A TN

Proposals have been evaluated. R
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: it LIV
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PROJECT NO: SR-1268 Tuli i T
PROJECT TITLE: *>* . : -EVALUATIONOF iSE~7 scnnca-cm:n DA'I’ G
INVESTIGATOR: Unknown ool R Ry AL LTI
CONTRACTOR: Unknown fageer Ay b SRS S
ACTIVATION DATE: Unknown Ty segrtt R e o
CONTRACT FUNDING: Boo'man~hoursr* B CEE T & I
SSC LONG-RANGE GOAL: Response:Criteria -i-.  =i7&7 . y

OBJECTIVE Te
=1n0tt v Theobjective «0f this ‘study is “to:.establish a

measire for:judging when ‘sufficient scratchli-gage:data have.

been obtained so that the gages can be removed for plademént

aboard other ships.

STATUS

A proposal request has been prepared.

o e -
L




v A ek s Ad Y4

P
R:E
PROJECT NO: SR=1269 4§~ DA TR
ROJEC'I‘”’!'ITLE' Tf %l ~MIN‘1'ERNAI".¥’*-3C5RRO'SION AND CORROSION e ta 3‘**‘*
LUTRT Y GRS 0k CONTROL ALTERNATIVES )
InvESTIGATOR: Unknown ¢ TReasls Wi
CONTRACTOR: Unknown it wﬁ,aw o nwa., Q,n.
ACTIVATION DATE: Unknown & i e e RIS T
CONTRACT FUNDING: 2000-man=housrs: ' { a: ém
SSC .LONGSRANGEGOAL¢ =Materia 19“"Criter1a s S PRt
4 i\! i fsﬂ ,‘L: t
OBJECTIVE iy
; The objective of this pro;ect is to develop a )
wmiy mrars . nd o g s ot cyTor Yi, sy b me”

method for makzng sensitivity studies of the relative life-

»' o ;i \21“ f’* .'ﬁ%f\} w.”‘?‘:\ *‘i»*‘ a~ "”"sxwh“ ':‘ H
cycle costs of corrosion control techniques, including

R R RS R PINE S :‘J DA S :Jﬂ % m FA SR, ‘?,u"'“*,_;( o7 ¥ Q“.‘:”" Cr,oL
rombinations of increased scantlings, full or partial ,

LR S Qq"\ : .5:*: H > & oo "‘ii““'. S,

coatings, and anodes, to protect internal surfaces of .

ballast and cargo tanks in steel tankers.

L A
R

Pt st

A request for proposals has been issued.

v
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PROJECT NO: SR=-1270 = oy
PROJECTATITLB: : miip 3 ;ASURVEY; "OF = EXPE_RIENCE USING ,REINFORCEDV
. '*?COWCRETE IN:FLOATING MARINE STRUCTURES
INVESTIGATOR: Unknown  soeceig - Evpfe, ARG
CONTRACTOR: Unknown . -up: % L pnaende
ACTIVATION DATE: Unknown e O S R F U TP
CONTRACT FUNDING: :
ssC LONG-RANGE GOAL: .. AdvancedzConcepts andeonggRangev‘ g

"

. Planning’

OBJE VE T
’ ”“'fﬁé oojecti;e”of this project isxéo assess the
st;cé:of—éne;art é&: reinforced concrete, 1n61£5£55 T

prestressedlend conventionally reinfo;ced!concrete,.
applicaoiejto floacing marine stsuctures.“z: o
ORI O

STATUS

A AT i

A request for proposals has been issued.
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PROJECT ‘NO: SR-1271 ST “ g L
MODE eTE

».\Mvnw -t /n"

53

PRDJECT;,;;;‘I{ELE:g;;~ 217114 PRESSUREDIS]
mivr 5 WAVESY o i
INVESTIGATOR: Unknown gm,“;.;;@
CONTRACTOR' Unknm ;*&\:?mp RETUIR
ACTIVATION DATE: URKGOWD ..o, 4 nt
CONTRACT FUNDING: 24 OOmMankhourgﬂ :
SsC LONG-,RANGE GOAI-. o Respons ‘,Critgr @ ool

as el f
BHEANE 4-/

OBJECTIVE
The objective of the project is to measure modél—

- . EEITE I D er by,
test hull surface pressures and compare them with calculated
GELETGT Y b sy N N e L T
pressures.
STATUS
gy T

Proposals have been evaluated.
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PROJECT NO: o SREA2T2 LT S

PROJECT: FLTLE:™: coﬁﬁﬁrzn-axnno pnocnnunn«ron*snxp

GROUNDING CALCULATIONS

INVESTIGATOR: Unknown - SERIE e Y

CONTRACTOR: Unknown j;} I

ACTIVATION DATE: Unknqgn R "j;f“;‘~;‘j‘{f

CONTRACT FUNDING: 2000“Man-hour€‘ R A

SSC LONG-RANSE GOAL°~'Advanced Concepts and ‘Lonhg=Range
Planning

OBJECTIVE

N i PR R e o YN,

The objective of this project is to develop a

® A
Fors oo £

general purpose computer program for ship grounding

analysis.
SIATUS

A revised prospectus has been prepared.
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PROJECT NO: SR=1273 4. & A .‘“ 2
PROJECT TITLES. 7i'/ %w";COMPUTER-AIDED“*PROCEDURE !'ORH. FANDEIENSAS
7' DRYDOCKI NG *CALCULATIONS
INVESTIGATOR: Unknown ol DA A T SRR
CONTRACTOR: Unknown rveaniad
ACTIVATION DATE: Unknown -+ edh, d : L
CONTRACT FUNDING: 2000:Mafi~hours: RO R e
SSC .LONG-RANGE GOAL: Design:Methodsy - (A% Uié 4w 1w0i "ol

OBJECTIVE ' G
i w*Thewobjectivewpf*the’projectwis@tbndQQQIOp a
computer program. to::icalculate individual drydock:block- -
loads, primary-hull-bending loads-upon-drydocking:.and the. :-
stresses in the pontoon deck of the floating:. drydock.
STATUS w
A revigsed prospectus. has:heen: prepared.:

h

g e e .
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PROJECT NO: SR-1274 s i - skt o
PROJECT TITLE: : 7. " COMPUTER ‘AIDED, “PRELIMINARY' ‘SHIP" - *~
€. ”"ZWSTRUCTURAL DESIGN

INVESTIGATOR: Unknown ¢ . = DTG T AT

CONTRACTOR: Unknown :soe in
ACTIVATION DATE: Unknown v, i
CONTRACT FUNDING: Soovuan-hoursva¢-

SSC LONG-RANGE GOAL: Design:Methods: ... .: w .o. . ..

OBJECTIVE

» ¢« The-objective of this: project. is:to:.assess the
state-df~the<art.- of computer-aided. design..systems in both
ship~and::non=ship areas for -use in preliminary: ship
structural design.’ . ...
STATUS

A request.for proposals has been: issued.

"!’;;" T T

TR

—




81,

' PROJECT NO: SR-1275 .

; PROJECT TITLE: FULL-SCALE: PRESSURE DISTRIBUTION

. MEASUREMENTS OF M/V S.J. CORT

: INVESTIGATORS Mr. A.L. Dinsenbacher

¢ CONTRACTOR: David Taylor Naval Ship Research and
‘ Development Center, Carderock, MD:

f ACTIVATION DATE: December 19, 1978

: CONTRACT FUNDING: $63,500

’ SSC LON3-RANGE GOAL: Response Criteria

ORJECTIVE

The objective is to measure full-scale pressure
? distributions for use in validating pressure prediction
g analysis methods.
: STATUS
% Fifteen inserts have been installed in the forward
' quarter ledgth of the M/V S.J. CORT's hull plating.
Arrangements are being negotiated to obtain, install and
calibrate pressure gages and signal conditioning units
developed from a prior SSC full-scale slamming

instrumentation project.
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